INTRODUCTION
============

A decrease in balance control can be caused by various factors, including central nervous system diseases (such as stroke and traumatic brain injury), musculoskeletal disorders (such as back pain or arthritis), and vestibular diseases. Loss of balance control decreases the ability and speed of patients\' gait, especially in those with hemiplegia caused by brain damage. Fear of falling in these patients reduces their activity level and makes daily activities of living difficult for these patients. Therefore, improvements in balance control and mechanical movements are important treatment goals \[[@B1]\].

A combination of several factors, including vestibular, visual, somatosensory, and trunk strength, enables the maintenance of postural balance. Therefore, comprehensive, objective treatment methods are needed. Previous studies have reported on the relationship between gait ability, speed, and independence of performing daily activities from multiple angles. Physicians use various treatment methods and exercises, including trampoline training \[[@B2]\], visual feedback training \[[@B3]\], and sling exercise therapy for trunk muscles \[[@B4][@B5][@B6]\]. Along with the active development of rehabilitation equipment, physicians use many types of equipment that are already made in Korea in treatments to improve balance, including the iBalance (CyberMedic, Iksan, Korea) and Space Balance 3D (CyberMedic) systems. However, few studies exist on the actual effectiveness of this equipment, and established criteria to evaluate functional improvements are scarce. This study aimed to investigate whether the Spine Balance three-dimensional (3D) system, which was developed to strengthen the deep muscles of the vertebra via stabilization exercise of the lumbar spine, improves postural balance in patients with hemiplegia performing 3D rotational exercises. We expected that this exercise would increase trunk muscle strength and stabilize movement of the vertebra. In addition, this study aimed to study the improvement in gait and ability to carry out daily activities while proving the positive effects of using the Spine Balance 3D system\'s program and several balance control tests. The results were compared to those obtained with a Biodex Balance System \[[@B7]\], which is widely used for balance training, to prove its effectiveness.

MATERIALS AND METHODS
=====================

Subjects
--------

This study required patients to meet the following inclusion criteria: (1) patients at 6 months or more after stroke, (2) unilateral stroke (infarction, hemorrhage), (3) ability to understand and perform three-step verbal instructions, and (4) ability to stand independently. Patients with severe abnormalities in their biorhythms who require inpatient treatment and those who were deemed unqualified for the study were excluded. Thirty patients who met the requirements were chosen as subjects. The subjects were randomly divided into two groups of 15 to create experimental and control groups to be respectively treated using Spine Balance 3D (CyberMedic) and Biodex Balance System (Biodex Medical Systems, Shirley, NY, USA). The random distribution of the subjects into the experimental and control groups is based on a random allocation table in the order of registration of the subjects, and the process of patient recruitment took a total of 4 months. We conducted this prospective study at the Chonbuk National University Hospital, and we notified the subjects regarding the content of the study and obtained their written consent before the experiment was conducted. The hospital\'s board of audit and inspection approved our study.

Method
------

The Berg Balance Scale (BBS), 10-m walking test (10mWT), Timed Up and Go (TUG) and Functional Reach Tests (FRT), and trunk strength evaluated using Spine Balance 3D system\'s evaluation program were used as clinical indicators to evaluate the level of function before the exercise. The Korean version of the Fall Efficacy Scale-International (KFES-I) was recorded using the information from the survey. The patients performed 30-minute exercises, three times a week for 7 weeks ([Fig. 1](#F1){ref-type="fig"}).

The Spine Balance 3D system allows balance training to be performed in 3D space detached from the ground surface by using a lift system that locks the hip and ankles to stabilize the body and prevent twisting. Exercises in eight directions (front, back, left, right, and diagonal) are possible in 3D space, and the system can be tilted up to 60° in each direction. The 3-axis sensor on the trunk accurately measures the movement of the patient\'s trunk and identifies and displays the center of gravity on the monitor ([Fig. 2A](#F2){ref-type="fig"}).

The experimental group underwent training in eight directions using the Spine Balance 3D system, starting from a 15° tilt and increasing up to 30° depending on the patient\'s condition. The control group underwent training by using the training mode in the Biodex Balance System. We configured the platform to the static state, and the patients underwent posture maintenance training and center of gravity transferring postural training in eight directions after initially aligning the center of gravity with the middle line of the monitor. We did not restrict any of the groups\' activities to balance training, and we advised the subjects to perform their same daily activities as before ([Fig. 2B](#F2){ref-type="fig"}).

### Assessment method

BBS (range, 0--56 scores) and TUG indicated the dynamic balance, Biodex Balance System\'s evaluation program indicated stability, Spine Balance 3D system\'s evaluation program indicated trunk muscle strength, and 10mWT indicated gait ability. The FRT indicated static balance, and the KFES-I measured the risk of falling. The patients performed TUG, a test that measures the time it takes a patient to rise from a chair, walk 3 m, turn around, walk back to the chair and sit down, and a stopwatch was used to measure timing. We measured the time it takes a patient to walk a distance of 10 m marked by tapelines when performing the 10mWT, and sufficient space was provided before and after the 10 m region to allow acceleration and deceleration. The forward FRT was performed by measuring the difference between the locations of the 3rd metacarpophalangeal joint of the unaffected side from a normal standing position and from a maximally forward-leaning position, and a 100 cm-long ruler was set horizontally at the acromion level to measure the difference. The patients placed both clavicles perpendicular to the long ruler lines on the wall to avoid error caused by the decrease in ipsilateral muscle strength. We separately measured the values for the affected and unaffected side in the lateral FRT. The lateral FRT measures the differences in the location of the metacarpophalangeal joints after abduction of the arm on the desired side from a natural upright position and from a laterally tilted trunk position. If the strength of the affected arm was not sufficiently strong, we measured the acromion locations instead. The Biodex Balance System and Spine Balance 3D system objectively evaluated the balance control. We used Biodex Balance System\'s evaluation program to conduct postural stability test with eyes open and closed, along with the limits of the stability test. We conducted the postural stability test by having the subjects maintain a relaxed standing position with eyes open and closed for 10 seconds each. We obtained three measurements from each condition to calculate the overall stability index, which reflected the stability as it approximates 0. We conducted the limits of the stability test on an easy level. We obtained three measurements to calculate the overall direction control score, which reflected a higher ability to control direction as the score decreased. Spine Balance 3D system\'s blind and open modes were used to evaluate the balance control. The difference between the blind mode and the open mode is defined as the ability to display the actual balance status on the screen by using the sensors attached to the back of the patient. The monitor displayed the actual balance status in the open mode whereas the screen turned black in the blind mode to restrict compensation. We increased the tilt in each of the eight directions to 15° and 30° by 2°/s and stopped for 5 seconds at the maximum tilt (15° and 30°). The subjects maintained a certain trunk position, depending on the tilt, and the results were reported as the Balance Position Ratio (BRP), expressed as the percentage of deviation from reference for the direction and tilt measured using the trunk sensor system. A score close to 100% reflects a good trunk muscle strength.

### Statistical analysis

We performed the statistical analyses using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA), and analyzed the demographics of the two groups and pre-treatment evaluations by using an independent t-test. We compared the pre-treatment evaluations with post-treatment evaluations in both groups to determine whether statistical changes were present. We analyzed the measured values before and after the treatment in each group by using Wilcoxon signed-rank tests, and considered only p-values less than 0.05 to be statistically significant.

RESULTS
=======

General characteristics of subjects
-----------------------------------

The experimental and control groups comprised 15 subjects each. However, one patient from the experimental group failed due to the aggravation of gout in the ankle joint, and a follow-up loss in the control group occurred due to a MERS coronavirus outbreak. Fourteen subjects in each group completed the clinical experiment. [Table 1](#T1){ref-type="table"} shows the distribution of sex, age, average education, duration of stroke, and hemiplegic side in both groups. The demographics in the two groups did not show significant differences. The unaffected lateral FRT showed significantly higher results in the Biodex Balance System training group; whereas the rest of the tests showed no significant differences between the two groups ([Table 2](#T2){ref-type="table"}).

Treatment effects
-----------------

[Table 3](#T3){ref-type="table"} shows that the experimental group showed significant improvements in all tests---BBS (p=0.001), TUG (p=0.001), forward FRT (p=0.001), affected lateral FRT (p=0.001), and unaffected lateral FRT (p=0.002)---when the values before and after training were compared in each group. The control group also showed significant improvements in the same tests. However, the results for the 10mWT showed only significant improvements in the experimental group (11.38±3.0 to 10.12±2.47 seconds; p=0.01); whereas the control group did not show significant improvements. The improvement levels of the trunk strength (BPR score) for the experimental group using Spine Balance 3D system\'s evaluation program showed significant improvements at the 15° open mode; whereas the control group did not show any significant improvement. However, both groups showed significant improvements during the experiment under the following three conditions: 15° blind, 30° open, and 30° blind ([Table 3](#T3){ref-type="table"}). In addition, among the three conditions used in Biodex Balance System\'s evaluation program, the experimental group showed significant improvements in a postural stability test with eyes open and closed under two conditions while the control group showed significant improvements in a postural stability test under a condition with closed eyes and a limit of stability test. As such, the two groups showed similar levels of improvement in terms of stability ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The goal of this study was to investigate the effectiveness of the Spine Balance 3D system in improving gait and balance in patients with hemiplegia. This study confirms that balance training using the Spine Balance 3D system effectively improves dynamic balance, static balance, and gait by improving trunk muscle strength. Treatment using the Spine Balance 3D system showed significant improvements in gait, as measure in the 10mWT, compared to that achieved using the Biodex Balance System, and the Spine Balance 3D system\'s evaluation program showed that improvements in trunk control ability were relatively superior than those observed for the control group. The postural stability test, conducted using Biodex Balance System\'s evaluation program, revealed that the two groups showed similar levels of improvement in stability.

The trunk stability maintains the overall balance and regulates the technical movement of the lower limbs. Hodges and Richardson \[[@B8]\] report that stabilization of the spine caused by the contraction of abdominal and multifidus muscles plays a role in inducing technical movement in the lower limbs. In addition, Kim et al. \[[@B9]\] report that trunk-activating exercises are important because weakening of the trunk is relevant to functional performance in patients with chronic stroke. Abdominal muscle strength exercises improve gait and balance in stroke patients \[[@B10]\], and improvements in trunk regulation increase dynamic balance, gait speed, and symmetrical movement of the trunk during gait in stroke patients \[[@B11]\].

Subsequently, various core stability exercises have been introduced to strengthen the trunk \[[@B12][@B13][@B14][@B15]\], and many types of modern equipment are currently in development, aiming to improve trunk strength through gait training. However, studies evaluating the effects of such equipment are rare. A study conducted 1-minute sit-up tests in a single-leg squat position on athletes after training with the Biodex Balance System and reported a relatively significant improvement in balance compared to the control group. This study proves that treatment using the Biodex Balance System improves stability by fortifying core strength \[[@B16]\]. Treatment using the Biodex Balance System significantly reduces the fear of falling (FES-I score \>26) among the elderly, and their knee extensor and flexor isometric strength improves as a secondary gain \[[@B17]\]. Therefore, core muscle and lower extremity strength are expected to increase when training using the Biodex Balance System, and improvements in balance have been confirmed.

Our study showed significant improvements not only in trunk muscle strength, but also in BBS, TUG, FRT, and KFES-I. This result coincides with the results from a study by Saeys et al. \[[@B18]\], which reports that trunk reposition error, trunk impairment scale, and TUG results improved in the weight-shifting training group compared to those in the control group. The only difference with the study by Saeys et al. \[[@B18]\] is that our weight-shifting training was conducted using the Biodex Balance System.

We expect that the newly-developed Spine Balance 3D systems stabilize and fortify trunk muscles by inducing symmetrical contraction and relaxation of abdominal and multifidus muscles in 3D space when the body is tilted, and studies are currently in progress to determine its effectiveness. A recent study confirmed changes in the trunk muscle strength and body composition among elderly subjects after training using the Spine Balance 3D system. The experimental group showed a significant improvement in trunk muscle strength after analyzing the alignment of the system direction and tilt with the trunk sensors by using trunk maintenance ability as a reference for trunk muscle strength \[[@B19]\].

Our study showed a significant improvement in trunk muscle strength in both groups after the experiment when measured using the same method. However, the control group showed significant improvements in trunk muscle strength only under three conditions while the experimental group showed improvements in trunk muscle strength under all four tested conditions, and the experimental group showed a relatively higher improvement in the trunk muscle strength. The tests conducted using Biodex Balance System\'s evaluation program revealed that both the experimental and the control groups showed significant improvements in two of three conditions with similar magnitude. The experimental group showed significant improvements in a postural stability test with eyes open and closed under two conditions while the control group showed significant improvements in postural stability test under a condition with closed eyes condition and in the limit of stability test. Although each system\'s learning effect on outcomes cannot be neglected, the treatment effect of the experimental group who used the Spine Balance 3D system for training was confirmed to be superior to that of the control group through a comparative analysis. Compared to the Biodex Balance System, where balance training is conducted horizontally while standing perpendicular to the surface, the Spine Balance 3D system might be more effective because the trunk muscle is activated to maintain the body balance against increasing gravitational force caused by the increase in tilt angle in 3D space.

We conclude that both the Biodex Balance System and the Spine Balance 3D system increase core muscle strength. However, the 3D stimulation in the Spine Balance 3D system is more effective to activate the trunk muscles. The dynamic balance improves as shown in the BBS, TUG, FRT, and KFES-I, and the 10mWT, which refers to gait ability, and shows a relatively higher improvement compared to the Biodex Balance System. We expect that the Spine Balance 3D system\'s superior treatment improves static balance, dynamic balance, and gait in stroke patients.

This study has several limitations. First, both the experimental and control groups comprise a small number of subjects of only 14 each. Second, although there were no restrictions for registration, each subject was able to walk independently for 10 m or more, and their BBS scores were over 40, which means that the subjects had relatively mild conditions. Third the long-term effects of the treatment could not be confirmed. In addition, we could not exclude the learning effect for each evaluation system. Finally, the level of the trunk muscle activity could not be directly proven. Therefore, future studies need to include more subjects, and treatment methods should also be confirmed in subjects with more severe conditions. In addition, a method that can directly quantify trunk muscle strength, such as electromyography (EMG) activity, should also be attempted, and the studies should be designed to explore whether the treatment effects are still present months after the experiment.

In conclusion, the Spine Balance 3D system, a newly-developed trunk-stabilizing exercise equipment, and the Biodex Balance system were applied to patients with hemiplegia. Although significant improvements in dynamic and static balance were confirmed in both the experimental and control groups, the 10mWT showed a significant improvement only in the experimental group treated with the Spine Balance 3D system, which means that the gait ability also showed a significant improvement and that the activation of the trunk muscles was more effective when using the program of the Spine Balance 3D system. The results indicate that the Spine Balance 3D System induces the activation of trunk muscles and comprises an effective treatment to improve the balance and gait in patients with hemiplegia.
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![Flow diagram of this study.](arm-40-972-g001){#F1}

![Spine Balance 3D system; the attached sensor detects the tilting angle of the trunk and shows the position on the screen, and the patient trains to reciprocal movement for eight directions with fixed lower extremities (A). Biodex Balance System (B).](arm-40-972-g002){#F2}

###### Demographic factors of the participants
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Values are presented as mean±standard deviation.

###### Baseline evaluation data of gait and balance function in both experimental and control groups trained with Spine Balance 3D and Biodex Balance System, respectively, before 7-week balance training
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Values are presented as the mean±standard deviation.

Core muscle strength are presented as Balance Position Ratio score using Spine Balance 3D system.

KFES-I, Korean version of Falls Efficacy Scale-International.

^\*^p\<0.05 by t-test.

###### Comparisons of assessment scores before and after 7-week balance training
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Values are presented as the mean±standard deviation.

Core muscle strength are presented as Balance Position Ratio score using Spine Balance 3D system.

KFES-I, Korean version of Falls Efficacy Scale-International.

^\*^p\<0.05 by Wilcoxon signed-rank test.
